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We have found previously that the cultured human squa-
mous cell carcinoma cell line DJM-1 detached from the sub-
stratum after 48 h contact with human neutrophils. N eutro-
phils appeared to become activated by contact with DJM-1 
and were found to secrete a proteinase that caused the de-
tachment; the proteinase was inhibitable by a I-proteinase 
inhibitor. In this study we tested whether normal human 
keratinocytes were also detached from the substratum by 
contact with human neutrophils, because keratinocyte de-
tachment (epidermal separation) occurs in several skin dis-
eases with neutrophil infiltration beneath the epidermis. 
N eutrophils with or without tumor necrosis factor (TNF)a 
pretreatment were plated on keratinocytes at confluency in 
24-well culture plates, co-cultured in serum-free media for 
16 - 24 h in the presence or absence of platelet-activating 
factor (PAF), and assessed for rate of detachment by counting 
the undetached keratinocytes and by fluorescent dye label-
T he importance of cell-cell interaction through direct cell contact is drawing much attention in studies of the immune system, cancer cel l cytotoxicity by killer T cells, leukocyte passage through the vascular wall , lymphocyte homing, organ transplantation, throm-
bosis, and embryogenesis [1-6], and many adhesion molecules re-
lated to such interactions have been cloned. In several skin disorders 
the pathogenic role of neutrophil infiltration in and beneath the 
epidermis appears to depend on contact between neutrophils and 
keratinocytes. Dermatitis herpetiformis [7]. linear immunoglobulin 
(Ig)A bullous dermatosis, and bullous systemic lupus erythematosus 
[8] involve neutrophil infi ltration beneath the epidermis and sub-
epidermal blister formation, and psoriasis demonstrates neutrophil 
infiltration into the epidermis. Interaction between neutrophils and 
keratinocytes in these diseases, however, is poorly understood. To 
elucidate biologic phenomena that might take place in association 
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ing. Keratinocytes were found to detach only when TNFa-
pretreated neutrophils were plated together with 10-5 M 
PAF. Inhibiting direct contact between neutrophils and ker-
atinocytes by means of a membrane filter, however, de-
creased the detachment markedly. acproteinase inhibitor 
and ONO-S046, a synthetic elastase specific inhibitor, in-
hibited the detachm.ent significantly, and at-antichYlllo-
trypsin inhibited it slightly. The mediator responsible for 
detachment appeared to be elastase. Monoclonal anti-CD18 
inhibited the detachment only partially. In conclusion, 
TNFa-pretreated neutrophils appeared to be activated by 
contact with keratinocytes in the presence of 10-5 M PAF 
and caused substantial detachment of keratinocytes, possibly 
by secreting elastase. The precise role of P AF in detachment 
remains to be clarified. K ey words: elastase/arproteinase illhibi-
tor/ONO-5046/CD18.] Invest Dermatol1 03: 187 -190, 1994 
with the contact of neutrophils and keratinocytes, we set up an ill 
vitro experiment in which human neutrophils contact cultured 
human keratinocytes directly. We have previously studied human 
neutrophils in contact with a human squamous cell carcinoma cell 
line D]M-1, to investigate ca ncer cell cytotoxicity of neutrophils 
[9]. N eutrophils were activated in contact with D ]M-l for 48 hand 
were found to secrete a proteinase inhibitable by aI-proteinase in-
hibitor; they produced D ]M-l detachment but did not kill D ]M-I. 
In this study, we determined whether such detachment also oc-
curred in the case of normal cultured keratinocytes. In contrast to 
D]M-l, normal keratinocytes were detached only slightly by addi-
tion of unstimulated neutrophils. For significant detachment, 
tumor necrosis factor (TNF)a-stimulated neutrophils and platelet-
activating factor (PAF) were necessary. 
MATERIALS AND METHODS 
Reagents Ficoll-sodium diatrizoatc (Histopaquc- l077) was obtained 
from Sigma Chcmical Co. (St. Louis, MO); PAF (C18) from Bachem Fein-
chemikalien AG (Bubcndorf, Switzerland); 2',7'-bis(carboxyethyl)carbox-
yfluorescein tetraacetoxymethyl cster (BCECF-AM) from Dojindo Lab. 
Co. (Kum3mato,Japan); elastasc from human sputum from Elastin Products 
Co. (Owcnsville, MO); CI:,-proteinase inhibitor and CI:,-antichymotrypsin 
from Calbiochcm Co. (La Jolla, CAl; and monoclonal anti-CD18 (IOT18) 
from Immunotech S.A. (Marsei lle, Francc). Recombinant human TNFCI: 
and N-[2-[4-(2,2-Dimethylpropionyloxy)phenylsulfonylanlino)benzoyl) 
aminoacctic acid (ONO-S046) wcre gifts from Da inippon Pharmaceutical 
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Figure 1. Intercell in a well of a 24-well culture plate , preventing neutro-
phi Is from contacting keratinocytes by a membrane filter bottom of0.45-J.lm 
pore size. 
Co. (Osaka, Japan) and ONO Pharmaceutical Co. (Osaka, Japan) , respec-
tively. 
Preparation ofNeutrophils Venous blood of normal human volunteers 
was drawn into a heparinized syringe. Erythrocytes were sedimented ac-
cording to the dextran sedimentation method (10). Then the leukocyte-rich 
plasma was layered on top of Pic oil-sodium diatrizoate and was centrifuged 
to isolate a neutrophil fraction. Contaminated erythrocytes were eliminated 
by hypotonic shock. This fraction contained > 95% neutrophils and was 
suspended in Ca, Mg-free phosphate buffered saline (PBS). 
Keratinocyte Culture Normal human keratinocytes were cultured from 
normal skin around benign skin tumors (nevus cell nevi, seborrheic kera-
toses, and others) obtained when these tumors were resected. The patients 
were aged 7 - 68 years. Most of the dennis was removed and the skin speci-
men was sliced into 3- to 5-mm squares and immersed in trypsin (0.25%)-
ethylenediamine tetraacetic acid (EDTA) (0.05%) solution (Gibco BRL Co., 
Gaithersburg, MD) overnight at 4 ·C. Then the dermis was peeled off the 
epidermis and swirled in media with 10% fetal bovine serum. After washing 
with PBS twice, we inoculated the dissociated keratinocytes into 24-well 
culture plates (at concentrations above 5.0 X 10' cells/cm2 ) and cultured 
them for 1-2 weeks in a CO2 incubator in serum-free media. The medium 
was modified MCDB 153 supplemented with recombinant human epider-
mal growth facto r (0.1 ng/ml), insulin (5 J.lg/ml) , hydrocortisone (0.5 J.lg/ 
ml), penicillin, streptomycin , fungisone, and bovine pituitary extract (0.4%) 
(Sankoh Jun-yaku Co., Tokyo, Japan). Cel ls were used within 3 d after they 
reached confluence. 
Neutrophil Addition to Keratinocyte Culture Control or TNPa-
stimulated neutrophils were plated evenly on a keratinocyte sheet and co-
cultured in serum-free medium as described above for 16 - 24 h in a CO2 
incubator. Neutrophils were treated with T NPa (10 ng/ml for 10 min at 
room temperature) before addition to keratinocyte cultures and washed 
twice with PBS. PAP was added to some wells before neutrophils at a final 
concentration of 10-5 M. PAP was dissolved in ethanol and then in PBS 
containing 0.1 % fatty acid-free bovine serum albumin to make the concen-
tration 10- 3 M. This 10- 3 M PAP solution containing 1% ethanol was 
aliquoted under argon gas and stored at -110· C until use. The number of 
neutrophils was 3.0 X 106 /well and the ratio of neutrophils to keratinocytes 
was approximately 8: 1. In some wells, proteinase inhibitor or monoclonal 
antibody was added together with neutrophils. Some neutrophils were 
plated in a chamber with a membrane filter bottom (Intercell) (Sankoh 
Jun-yaku Co., Tokyo, Japan) (Pig 1), which 'prevented direct contact of 
neutrophils with keratinocytes. Keratinocyte detachment was assessed both 
by this method [9], wi th slight modifications, and by a new method. In the 
first method, detached keratinocytes and neutrophils were suspended by 
gentle pipetting and removed. Keratinocytes in a well without added 
neutrophils were not detached even by vigorous pipetting. Undetached 
keratinocytes were harvested with trypsin-EDTA (200 J.ll) , followed by 
neutralization with fetal bovine serum (600 J.ll) , and were counted in a 
hemocytometer. Detachment rate was determined by the formula : detach-
ment rate (%) = A - B/ A X 100, where A is the number of attached kerati-
nocytes in a well without neutrophils added and B is the number of nonde-
tached keratinocytes in a well with neutrophils added. In the second method, 
keratinocytes were labeled with BCECP by incubating with BCECP-AM 
(3 J.lM) for 30 min before addition of neutrophils [11). Nondetached kerati-
nocytes were harvested in the same way as in the first method and were 
suspended in PBS after removal of the trypsin-EDT A-fe tal bovine serum 
mixture. Although the fluorescence intensity of the keratinocytes was de-
creased considerably during the co-culture, it could be measured with a 
fluorescence spectrophotometer, Hitachi P-2000, (Hitachi Co., Tokyo, 
Japan), with stirring. Both methods gave similar results. Por each of rhese 
studies, 3 to 7 separate experiments were carried out in triplicate. Neutro-
phils and keratinocytes used in each study were from different donors. 
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Additives to Keratinocyte de tachment (% ) 
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Figure 2. A typical case of normal human neutrophil-mediated normal 
human keratinocyte detachment. Neutrophils (3.0 X 106/wel l) were plated 
on cul tured keratinocytes in confluency in 24-well plates and co-cultured 
with them for 16-24 h in serum-free media (final volume 1.0 mI). Kerati-
nocyte detachment was assessed as described in the text. (TNP) neutrophil 
denotes neutrophils stimulated with TNPa (10 ng/mI) for 10 min at room 
temperature followed by washing with PBS twice. PAP (10- 3 M) was added 
to the media prior to neutrophil addition with a final concentration of 10- 5 
M. The values are the means ± SO in triplicate experiments. * p < 0.01 as 
compared with all others. 
Elastase Addition to Keratinocyte Culture According to the manufac-
turer's manual, human sputum was fractionated with NaCI and treated with 
DNase and elastase was purified by affinity chromatography on Agarose-
DAPSA-Elastin Soluble (Elastin Product Co., Owensville, MO), ion ex-
change chromatography on carboxymethyl-agarose, and affinity chroma-
tography at -15 · C on agarose-aIanyl-alanyl-alanin. Elastase was added to 
keratinocyte cultures with or without ONO-5046, a synthetic elastase spe-
cific inhibitor (12), and keratinocyte detachment was assessed after 3 h ac-
cording to the methods described above. Specific activity of elastase was 875 
units/mg prote in on the substrate SlIc-AI-AI-AI-pNA. ONO-5046 was dis-
solved directly in the medium. 
RESULTS 
Neutrophil-Mediated Keratinocyte Detachment Figure 2 
shows a result of a typical case. In control wells without added 
neutrophils , keratinocytes were not detached. Unstimulated neu-
trophils added to keratinocyte c!l lture also did no t cause kera-
tinocyte detachment. TNFex-stimulated neutrophils alone or 
unstimulated neutrophils together with 10- 5 PAF caused limited de-
tachment (6.3 ± 6.1% and 6 .3 ± 3.8%, respectively) (mean ± SD, 
n = 3) . TNFex-stimulated neutrophils added together with 10- 5 
PAF caused substantial detachment (86.6 ± 5 .2%, n = 3), however, 
of keratinocytes separately, not in a sheet. W e refer to the combina-
tion of TNFex-stimu /ated l1eutrophils alld PAF as SNPAF, and kerati-
nocytes on which SNPAF were plated, as SNPAF keratinocytes. In 
SNPAF keratinocytes the viability o f detached keratinocytes was 
approximately 88.0%, as determined by the trypan blue exclusion 
test. Interrupting the direct contact of neutrophils with keratino-
cytes by Intercell reduced the detachment, 8.5 ± 4.6% (n = 3). The 
levels of keratinocyte detachment varied depending on neutrophils 
and ~eratinocytes used, and in three of seven separate experiments 
kerat1l10cytes were detached even by the addition of unstimulated 
neutrophils alone, although the detachment rate was 9.8 ± 4.3%. 
~owever, th.e detachment pattern shown in Fig 2 was observed 
111 all expenments and the detachment rates in SNPAF kera-
tinocytes were by far the high est. M ean detachment rate 
in SNPAF keratinocytes in seven separate experiments w as 
77 .1 ± 13.0% (mean ± SD). 
Effects of TNFex Concentration on Keratinocyte Detach-
ment There were no statistically significant differences in the 
detachment of SNPAF keratinocytes when we used neutrophils 
stimulated with 1 - 1000 ng/ml TNFex (Fig 3). In all experiments 
detachment rates were 2.6 - 3.1 times hi gher than that of the com-
bination o f unstimulated neutrophils and PAF. 
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Figure 3. Effects of TNFa concentrations on keratinocyte detachment 
induced by TNFa-stimulated neutrophils with PAF (10-s M). (TNF) neu-
trophil denotes neutrophils stimulated with each concentration of TN Fa for 
10 min at room temperature followed by washing with PBS twice. The 
values are the means ± SD in triplicate experiments. There are no statistically 
significant differences in the detachment rates among those using neutro-
phi Is stimulated with 1000 ng/ml or 1 ng/ml of TNFa. • p < 0.01 as 
compared to all others. 
Effects of P AF Concentration on Keratinocyte Detachment 
To determine the most suitable concentration ofPAF for significant 
detachment of SNPAF keratinocytes, various concentrations of 
P AF were studied. 10-5 M PAF caused the most remarkable detach-
ment and the detachment was reduced with lower concentrations of 
PAF (Fig 4). 
Effects of Anti-CD18 on Keratinocyte Detachment For sig-
nificant detachment of SNPAF keratinocytes, direct contact be-
tween neutrophils and keratinocytes was necessary, as seen in Fig 2. 
To assess the involvement of neutrophil integrins in such contact, 
anti-C018 (2.5 ,Ltg/ml) (anti-P2 chain of neutrophil integrins), 
monoclonal antibody purified from ascites fluid by affinity chroma-
tography on protein A-sepharose, was added to SNPAF. Anti-
C018 inhibited the detachment ofSNPAF keratinocytes to a lim-
ited degree (inhibition rate, 12.6 ± 2.2%) (mean ± SO, n = 3), but 
the difference was statistically significant. 
Effects of Proteinase Inhibitors on Keratinocyte Detach-
ment To determine whether the proteolytic activity of neutro-
phils was responsible for the observed detachment, at-proteinase 
inhibitor, at-antichymotrypsin, and ONO-5046 were added to 
SNPAF keratinocytes. at-proteinase inhibitor (100 ,Ltg/ml and 10 
,Ltg/ml) nearly completely inhibited the detachment ofSNPAF ker-
atinocytes (Fig 5) and at-antichymotrypsin (100 ,Ltg/ml) partially 
inhibited it (inhibition rate, 39.0 ± 4.2%) (mean ± SO, n = 3) (Fig 
6). ONO-5046 inhibited the detachment completely at 300 and 30 
,LtM, respectively (Fig 7). 
Additives to Keratinocyte detachment (% 1 
Keratinocyte culture 0..-_____ __ 5.,0 ________ '.....,00 
None 
PAF 10- oM 
(TNF) neutrophil + PAF lO-7M m,wt{Wt*.'\ifhlt0.iKWM 
(TNF) neutrophil t.hf)@ft-t 
Figure 4. Effects of p AF concentrations on keratinocyte detachment in-
duced by stimulated neutrophils with PAF. (TNF) neutrophil denotes neu-
trophils stimulated with TNFa (10 ng/ml) as described in the text. The 
values are the means ± SD in triplicate experiments. 
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KeratinoCYle detachment (% ) 
Additives to keratinocyte culture 0..--_____ -,.50 ______ -,'00 
None 
tl..'. ITNFI neutrophil + PAF10· sM + a ,PI (lOOp g/ml) .r-' 
m.:' ITNFI neutrophil + PAFtO-' M + a ,PII lOl'9/mll iT 
a ,Pll tOO I'9/mll 
Figure 5. Effects of a,-proteinase inhibitor (a,Pl) on keratinocyte detach-
ment induced by stimulated neutrophils with PAF (10- 5 M). (TN F) neutro-
phil denotes neutrophils stimulated with TNFa (10 ng/ ml) as described in 
the text. The values are the means ± SD in triplicate experiments . • p < 0.01. 
Keratinocyte Detachment by Elastase Purified from Human 
Sputum Addition of purified elastase (46 ,Ltg/ml) caused rapid 
detachment of keratinocytes from the culture dish. As early as 30 
min after the addition, individual keratinocytes began to dissociate; 
at 3 h, they were detached completely (Fig 8). ONO-5046 com-
pletely inhibited the detachment, at 300 and 30 ,LtM, respectively . 
DISCUSSION 
Keratinocytes were detached in substantial numbers by the addition 
of TNFa-stimulated neutrophils, together with 10-5 M PAF, 
whereas they were detached only partially by the addition of 
TN Fa-stimulated neutrophils alone or unstimulated neutrophils 
together with 10-5 M PAF (Fig 2). This indicates that both TNFa 
stimulation of neutrophils and the presence ofPAF in the co-culture 
system were necessary for significant detachment. The experiment 
using Intercell, however, suggested that these two components may 
not be adequate alone to produce detachment, because keratinocyte 
detachment in response to SNPAF decreased substantially when 
neutrophils were prevented from contacting keratinocytes by Inter-
cell (Fig 2), suggesting that contact between neutrophils and kerati-
nocytes was another requisite for the detachment. It is known that 
neutrophils are activated by adhesion [13]. Neutrophils secrete mas-
sive amounts of hydrogen peroxide over a prolonged period when 
they are plated on a polystyrene surface coated with laminin, fibro-
nectin, vitronectin, or umbilical vein endothelium in conjunction 
with TNFa stimulation [14,15]. Therefore, it is likely that the 
TNFa-stimulated neutrophils in our system were more highly acti-
vated by contact with keratinocytes in the presence of PAF. In 
SNPAF, TNFa was usually used at 10 ng/ml, because higher con-
centrations were not more effective (Fig 3). 
The addition of anti-C018 monoclonal antibody to SNPAF in-
hibited the detachment slightly (12.6%). This indicates that contact 
between neutrophils and keratinocytes Ilia neutrophil integrins 
(LFA-1, Mac-I, P150/95) was involved in the detachment only 
partially. 
Keratinocyte detachment by SNPAF was very substantially in-
hibited by at-proteinase inhibitor, an inhibitor of elastase, trypsin, 
and other serine proteinases (Fig 5), and completely inhibited by 
ONO-5046, a synthetic elastase specific inhibitor (Fig 7) . This 
suggests that elastase, presumably secreted by neutrophils, played 
Additives to keratinocyte culture 0 
None 
ITNFJ neutrophil + PAF10 -~ 
ITNFI neutrophH PAFtO- 'M + a ,AC ItOO1'9/mll 
(TNF) neutrophil + PAF10 -~M + a lAC f 10J1gfml) 
a,ACll001'9Imll 
Keratinocyte detachment 1% ) 
50 
:<1 
. , 
."" 
100 
Figure 6. Effects of at-antichymotrypsin (a,Ae) on keratinocyte detach-
ment induced by stimulated Ilcutrophils with PAF (10- 5 M). (TNF) neutro-
phil denotes neutrophils stimulated with TN Fa (10 ng/ml) as described in 
the text. The values are the means ± SD in triplicate experiments. • p < 0.01. 
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Korotinocyte detachment 1'Yo ) 
Addi ti ves to kerat inocyte culture a 50 100 
None 
ITNFlneutrophil + PAF10 ~M + ONO 5046 (300pM) 
ITNf l "eulfaphil t PAf10- ' M + ONO 50461 30~MI 
ITNF) neutrophil + PAF10· bM + ONO 5046! 3JIM) 
ONO 50461300~MI 
Figure 7. Effects of ONO-5046, a synthetic elastase specific inhibitor, on 
keratinocyte detach ment induced by stimulated neutrophils w ith PAF (10- 5 
M) . (TNF) neutrophil denotes neutrophil s stimulated w ith TNFa (10 ng/ 
ml) as described in the text. The values are the means ± so in triplicate 
experiments .• p < 0.01. 
the major role in keratinocyte detachment in t h ese experiments. 
We a lso found t hat keratinocytes were detached by purified elastase 
alone (Fig 8) , and this effect of elastase was completely inhibited by 
ONO-5046 at 300 o r 30 .uM. Presumably, e lastase degraded the 
substratum of cultured keratinocytes. Laminin, type IV collagen, 
and fibronec tin are constituents of the substratum [1 6,17] and are all 
degraded by elastase . T h e high viability of detached keratinocytes 
(88%) supports this idea and the detachment appears no t to be a 
cytocidal action of nentrophils against keratinocytes. Q t-antichy-
motrypsin inhibited the detachment partially (Fig 6), which indi-
cated a partial involvement of cath epsin G in the detachment, al-
though elastase alone could detach keratinocytes by itself. 
This study demonstrates an important ro le for PAF, a biologically 
active p h ospholipid [18], in the neutrophil-mediated detachment of 
keratinocytes it! I/;tro. Keratinocyte detachment was reduced with 
lower concentrations of PAF (Fig 4). It can be speculated that be-
cause PAF nonspecifically b inds cell membrane, possibly w ith the 
1-0-alky l chain deep in the hydrophobic layer of the cell mem-
brane [19,20] , PAF added to keratinocyte culture may bind kerati-
nocyte plasma membrane tig htly. Such PAF on keratinocyte plasma 
membrane may ligate a receptor on neutrophils and mediate jux ta-
crine-like activation, because the n eutrophil PAF receptor is linked 
to guanosine triphosphate (GTP)ase and calcium regulatory signal 
transduction system l21] . Juxtacrine activation is a term originally 
llSed to describe activation of target cells by m embrane-anchored 
growth factors [22]. Important roles of PAF in cell ad hesion, espe-
cially between neutroph ils and vascular endothelial ce lls, h ave been 
reported [23,24]. In vascular endothelial cells, PAF is synthesized 
and transferred to plasma membranes upon stimulation with 
thrombin or histamine and induces maximal neutro phil adhesion in 
association with granule membrane protein 140, a member of the 
selectin fami ly, which is also translocated to the plasma membrane 
upon such stimulation. Granule membrane protein 140 seem s to 
tether neutrophils to the endoth e lia l ce ll ~, a nd such tethering is 
Additives to 
keratinocyte culture 
None 
Elastase + ONO 5046 1300 I'MI 
Elastase + ONO 5046 I 30I'MI 
Keratinocyte detachment (%1 
o 50 100 
Figure 8. Keratinocyte detachment induced by purified elastase and the 
inhibition by ONO-5046, a synthetic elastase specific inhibitor. Elastase 
chromatograph ically purified from human sputum was added to keratino-
eyte culture at 46 tig/ml with or w ithout O NO-S046 and the detachment 
was assessed after 3 h . Detachment occurred completely and the inhibition 
by ONO-S046 (300 and 30 tiM) was also complete (in triplicate experi-
ments). 
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required for the efficient interaction of P AF on the endothelial 
plasm a membrane with its receptor on neutrophils [25] . 
In skin diseases suc h as psoriasis, dermatitis h erpetiformis, bullous 
pemphigoid, and bullous lupus eryth ematosus, neutrophils infil-
trate into or beneath the epidermis and may contact keratinocytes. 
In som e of these diseases, keratinocyte detach m ent as observed in 
this study may occur and m ay h ave a pathogenic role. 
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